We use the radiative transfer model and chemistry transport model to improve our retrievals of dust optical properties from satellite measurements. The optical depth and absorbing optical depth of mineral dust can be obtained from our improved retrieval algorithm. The solar radiative forcing of dust aerosols has also been calculated using refined optical model and radiative transfer model.
Introduction
Mineral dust particles are the most widespread natural and anthropogenic aerosols and play an important role in climate forcing by altering the earth's energy budget through scattering and absorption of radiation (Tegen et al., 1996; Sokolik and Toon, 1996) , and changing the cloud formation (Kaufman et al., 2005) . In spite of decadal efforts, the detailed information on physical, chemical and optical properties of mineral dust is still limited. Satellite remote sensors have provided rich information on aerosol optical properties in recent years (King et al., 1999; Mishchenko et al., 1999; Kaufman et al., 2002 , Kahn et al., 2005 . However, the uncertainties stem from simplified assumptions of dust composition, dust profile, dust mixing state and morphology used in retrieval algorithms. In this study, we use the additional information from global chemistry transport model (GEOS-Chem) to improve the results of satellite retrievals of dust aerosol optical depth (AOD) and absorbing aerosol optical depth (AAOD).
Methodology
The backscattered radiance measured by satellite sensors can be converted to aerosol optical properties such as AOD and aerosol effective radius. In order to estimate the dust AOD, we use the AOD data from the Moderate Resolution Imaging Spectrometer (MODIS) measurements (Chu et al, 2002 . As the data over bright surface such as Saharan desert are rejected, we use the Multiangle Imaging Spectro-Radiometer (MISR) (Kahn et al., 2005 ) AOD data over these regions. The calculation of dust AOD δ dust is as follows: (Mie, 1908) for small spherical dust particles and the T-Matrix algorithm (Mishchenko et al., 1995) for large non-spherical dust particles to calculate the optical quantities. The total backscattered radiance is calculated by the vector discrete ordinate radiative transfer model VLIDORT (with polarization) (Spurr, 2007; Natraj etal., 2006) . A lookup table of backscattered radiances was developed for a variety of atmospheric and surface conditions as function of all sun-satellite viewing geometries. The most likely solution is selected by a chi-squared minimization method for ambiguous solutions (Hu et al., 2002 ). As we assume the external mixing state of aerosol components such as sulfate, soot, mineral dust, sea salt and organics, the dust ω 0 can be calculated from the column effective ω 0 with the aerosol fractions inputted from GEOS-Chem simulations. Then we can calculate the dust absorbing aerosol optical depth (AAOD) from the dust AOD and ω 0. Finally, the solar radiative forcing of dust particles at the top of atmosphere can be calculated using radiative transfer model VLIDORT.
Results and discussions
The vertical profiles of dust particles are determined from the GEOS-Chem simulations. We performed dust simulation for year 2003. Figure 1 presents the vertical profiles of dust particles for different size bin at Dahkla, Western Sahara. We find the dust particles can be lifted to high level under the suitable meteorological condition. Interestingly, the peak altitudes of dust profiles for particle radius between 0.1 and 3 µm are almost same. The physical and chemical processes of dust formation, evolution and transport are very complicated. It is highly challenge for model simulation and satellite retrieval. Uncertainties exist in size distribution, refractive indices, morphology and mixing state of dust particles. Indeed, there is no consensus on the radiative forcing of anthropogenic dust particles in current stage. Subsequent measurements from ground-based, airborne and space-based instruments can provide more information on the optical, microphysical, chemical properties, and the temporal and spatial variation of dust particles. The combination of modeling and observation to improve our understanding of dust properties is highly recommended. 
